D
istraction osteogenesis of the facial skeleton is an exciting technique of osseous manipulation. Although the procedure has become more common, it generally is reserved for children and adolescents with more severe craniofacial anomalies. The external distraction device used to apply distraction forces to the midface presents additional anesthetic concerns to the existing complexity of the patient with craniofacial disorder. The distraction hardware is rigidly fixed to the cranium and projects in the frontofacial midline, thus limiting oronasal airway access (Figs 1, 2 ).
This study reports our anesthetic experience using external distraction hardware in pediatric and young adult patients having LeFort osteotomies. An airway management strategy is proposed based on our experience.
MATERIALS AND METHODS

A
retrospective review of all patients having external maxillary distraction was done. Patients with patent tracheostomies were excluded. The study group contained 16 patients (10 male, 6 female) with an average age of 12.3 years (range, 5.5-19 years). In all cases, the same type of external distraction device was used (R.E.D., K.L.S. Martin, Jacksonville, FL, USA). The perioperative records were reviewed, and the medical history, operative diagnosis, presence of airway disease, tracheostomy, laryngoscopy grade, use of fiberoptic bronchoscope, procedure, operative time, use of intraoperative steroid, day of postoperative extubation, and need for reintubation were documented.
RESULTS
T
he study group contained patients in two diagnostic categories: those with syndromic craniosynostosis (n = 9) and those with cleft lip/palate (CLP) (n = 7). All patients had oral intubation followed by LeFort osteotomy and placement of an external cranial-fixed distraction device (Table 1) .
Patients in the craniosynostotic group had grade 1 laryngoscopy views, with the exception of a single patient with Crouzon syndrome who had a grade 3 view. This was the only patient who required fiberoptic intubation. All patients in the craniosynostotic group had LeFort III osteotomy with similar operating times (range, 5-8 hours). One patient was extubated immediately after surgery, with the remaining patients were extubated on postoperative days 1 to 5. One patient with Apert syndrome required reintubation (48 hours after surgery); successful extubation was done 96 hours later. Intraoperative steroid administration was used in all cases. There was no history of reactive airway disease, but eight of nine patients had sleep apnea, confirmed by polysomnography, and three of nine had previous tracheostomy. Complicating medical problems included three patients with Chiari I anomaly and two patients with hydrocephalus. Several patients were taken back to the operating room during the active phase of distraction for device adjustment; two of these patients had decreased mouth opening (maximal incisal opening of 25 mm) that made intubation more difficult.
The CLP group was homogeneous. All patients had the designation of nonsyndromic multifactorial clefts. All patients had grade 1 laryngoscopic views, except one with a grade 3 view; no patient required fiberoptic intubation. All patients had LeFort I osteotomy, and the operative time ranged from 1.5 to 3 hours, significantly shorter than that for the craniosynostotic group. Six of the seven patients were extubated immediately after surgery, with one patient being extubated the next day. No patient experienced failed extubation. Intraoperative steroid was given in all cases. In contrast to the craniosynostotic group, no patient in the CLP group had previous tracheostomy or sleep apnea. Complicating medical conditions included one patient with corrected tetralogy of Fallot and two patients with pharyngeal flaps. The patient with corrected tetralogy of Fallot also had a pharyngeal flap and was the single patient in the CLP group who was not extubated immediately after surgery.
Four of nine patients, later taken to the operating room for device removal, required fiberoptic intubation. Although they had grade 1 laryngoscopic views at the time of the osteotomy and device placement, they secondarily had decreased mouth opening (maximal incisal opening of less than 25 mm) that made intubation difficult. Three of these patients had another operation during the first postoperative year (tonsillectomy/adenoidectomy, tarsorrhaphy, cerebral spinal fluid leak) with grade 1 laryngoscopic views and return of full mouth opening.
DISCUSSION
D
istraction osteogenesis is a method of intrinsic bone lengthening, developed by the Siberian orthopedist Ilizarov in the 1950s. 1 This technique begins with an osteotomy in the bone to be lengthened and placement of fixation hardware across proximal and distal segments. A latency period of a few days allows for early callus formation at the osteotomy site. The appliance is then activated, gradually stretching (distracting) apart the bony segments and intermediary callus. The distraction is done slowly, allowing the collagen fibers to be laid down along the distraction vector. The collagen becomes calcified and consolidates into bone. The advantages of this technique include elimination of bone grafts, decreased operating time, and gradual stretching of the constrained enveloping soft tissues.
Numerous investigators have reported anesthetic guidelines for the operative care of the patient with craniofacial disorder. [2] [3] [4] [5] Such patients often have abnormal airways, which may be further jeopardized by the altered facial anatomy and distraction hardware in the frontofacial midline, limiting oronasal access. In addition, upper airway procedures cause maxillary instability, hemorrhage, and swelling, which further compromise the airway. The distraction device in the midline interferes with the ability to mask, ventilate, or perform a direct laryngoscopy in an emergency. Understanding the special needs of these patients will minimize their risks.
External maxillary distraction has both positive and negative influences on the anesthetic management. Positive factors include limited dissection, elimination of bone grafts, decreased blood loss, and shorter operating times because bone recruitment (osteogenesis) and maxillary positioning are done after surgery. 6 The negative influence is the diminished airway access related to the position of the distraction device and possible limited mouth opening.
We found minimal anesthetic morbidity in our initial experience with external maxillary distraction.
One patient experienced failed extubation and was orally re-intubated using direct laryngoscopy, without complication, on postoperative day two. Intubation of this patient required removal of the vertical bar, loosening the single hexed screw, and disengaging the distraction wires (Fig 3) . With the vertical bar removed, the remaining halo portion of the distractor allowed unobstructed direct laryngoscopy (Fig 4) . Important points that should be emphasized are that the appropriate screwdrivers and wire cutters to remove the vertical bar and traction wires accompany the patient at all times and that the assigned caretaker(s) be instructed in their proper use. If emergent airway control is necessary, removal of the device can be done quickly, similar to the release of intermaxillary fixation in patients with facial fracture. Several of our patients who initially had grade 1 laryngoscopy views were taken back to the operating room for distraction device removal and were found to have limited incisal opening that required fiberoptic intubation. However, their airways returned to baseline at subsequent anesthetics, suggesting a reversible process possibly related to masseter/pterygoid muscle spasm.
Strategies to reduce inflammation and swelling are important for successful extubation. All our patients received intraoperative steroids, although this practice remains a matter of controversy in the prevention of laryngeal edema. [7] [8] [9] [10] We have had anecdotal success with this regimen, and although the steroid affect on edema is equivocal, there is the additional benefit of steroid-related pain reduction.
11,12
We have not had steroid complications, such as euphoria or avascular necrosis. 13 Extubation of the trachea should occur only when the patient is alert and awake enough to protect his/her airway. All patients with cleft disorders in our study, with one exception, were extubated immediately after surgery. These were relatively short cases, and the external distractor had little influence on airway management. The craniosynostotic group averaged extubation at 2.4 days after surgery. This is expected because these patients had LeFort III osteotomy with longer operative times and more intraoperative bleeding and postoperative swelling. With prolonged intubation, there is increased risk of laryngeal edema, and one should avoid unnecessary delay. Perimeter air leak around the endotracheal tube is a reasonable indicator of airway patency. 14, 15 In summary, our observations of the external maxillary distractor are that it minimally affects anesthetic management, provided certain safeguards are observed. The vertical bar can be left attached to the cranial portion of the distractor, or if there is increased concern for the airway, it can be removed for extubation or reintubation. Removal of the vertical bar allows unobstructed direct laryngoscopy. This emphasizes the importance for the emergent availability of the appropriate screwdrivers and wire cutters to remove the vertical bar and trained personnel to perform the removal. Finally, the possibility of decreased mouth opening should alert the surgical team to use other techniques to secure the airway. 
